Urban and non-urban settlements in many regions are usually located on the lands bordering shores, rivers, canals or streams. However, housing complexes, landfills, and areas for agriculture and mining are often assigned to locations without sufficiently detailed hydrographic information about subsequent potential if not actual flow and flooding impacts. Yet, for sustainable community planning with emphasis on harmonizing social, economic, environmental and institutional aspects, such information is essential. This article demonstrates how this need can in part be accommodated by way of digital elevation and wet-area modelling and mapping using the upper component of the Choapa watershed in Chile as a case study. The terrain of this area has sharply incised valleys, with communities, fields and roads strung narrowly along the Choapa River and its tributaries. Above these locations along the Estero de Los Pelambres near the Chile-Argentina border are major mining and mineral refining activities. This article provides modelling and mapping details about the wet-to-moist area zonation along the upper Choapa River valleys, and addresses some of the mining-induced changes from 2000 to 2010.
Introduction
The availability of locally and regionally comprehensive information is critical for discerning the sustainability and extent of hydrological risks to the developHow to cite this paper: Moran, G., Cuadra, P.P., Gonzalez, V., Arp Valleys and floodplains are particularly prone to risks of mudslides, erosion and flooding through climate, land-use, topographic and geological circumstances that may act independently or in a combination with each other. This is particularly the case for a country like Chile: small to large cities are located downslope from steep terrain, recurring earthquakes vary in strength from low to catastrophic, and many rivers contain dams for electric power generation and retention of mine-tailings [1] .
The purpose of this article is to show how the wet-areas modelling and mapping process (WAM [2] [3]) can be a useful addition to plan and assess the hydrological viability of residential, agricultural and mining developments. This is done by way of a case study focused on the Los Pelambres Cu mining activities east of Salamanca in the Coquimbo Region of Chile ( Figure 1 ). The information so generated will likely have practical use in planning and communicating about the long-term protection of properties, communities, hydrological infrastructure including supply lines (transport, energy, water) against drought, flooding, and water quality [4] .
The wider context for this particular case study is established by a recent social progress study about mining in Chile [5] : while social and economic indicators are suggesting improvements, the rate of progress is still deemed slow in terms of demonstrating comprehensive improvements pertaining to quality of life and Figure 1 . Map focused on the Coquimbo region of Chile, with reference to its major river valleys. Also shown: locations pertaining to mining activities and related community concerns (see text). human development. Towards this end, recent communications [6] address many of the difficulties within the Chilean mining sector in reference to whole-projectcycle environmental assessment and management, and to the role for citizen involvement in related decision-making. In addition, innovative Information Communication Technologies [7] [8] have become available to not only facilitate participatory communication, but would also lead to improved project design based on comprehensive project understanding while achieving increased technical to socio-economic project benefits.
Study Area
The Choapa Province has about 81,000 inhabitants, concentrated in the cities of Salamanca (population 12,000), Illapel (population 22,000) and Los Vilos (population 12,000) [9] . Tension among these inhabitants and elsewhere has increased in recent years due to: 1) Increased competition for water and soil between the residential, land-use and mining sectors; regional GDP contributions: mining 36%, personal services 13%, construction 10%, tourism 9%, agriculture 5% [10] . 
Methods
For the hydrological assessment of the Choapa River Watershed, the following resources were used: 
Results
The flow-channel and wet-areas mapping process ( Figure 3 ) resulted in the maps depicted in Figures 4-7 . Figure 4 shows the DEM-based delineation for the wider Los Pelambres mining area in terms of:
1) The sub-catchments outline above the major confluence points of the localflow channel network;
2) The cartographic depth-to-water index up to 40 m (i.e., DTW ≤ 40 m) above the local stream network corresponding to an upslope flow initiation area ≥4000 ha;
3) The decrease in stream-network extent from wet to dry seasons or weather conditions as captured by increasing the upslope flow initiation area from 40 to 400 and 4000 ha.
The close-up in Figure 5 pertaining to the Los Pelambres mining locations in 
Discussion
For community planning, the maps in Figures 4-7 and their associated data layers are in principle useful for comprehensively assessing the range of soil moisture regimes, estimating general amounts and availabilities of rain and snowmelt, and determining how these change over time by weather, seasons and across landscapes (see, e.g. [23] ). In addition, these maps provide a means 1) to assist in sizing and designing existing or contemplated bridge and culvert instal- For the mining purpose, the maps in Figure 5 and Figure 6 and their associated data layers could be used: For land-use planning purposes, the maps in Figures 4-7 form the basis for high-resolution soil drainage mapping [2] . In this, the DTW component in Figure 7 can be used for optimizing crop productivities in agriculture and forestry by accounting for local in-field soil wetness and dryness variations, with emphasis on selecting areas that are, e.g., best for wet-area farming practices, wetland and wildlife conservation, and/or stormwater management.
Concluding Remarks
The increasing availability of digital elevation models and related geospatial interpretations open up many new avenues aimed at comprehensively assessing changes in hydrological conditions across landscapes and jurisdictions, including past, current, and future mining and land-use projects. As illustrated, this can be done from local to regional scales and across time using multi-temporal DEMs and surface images. For technical purposes, and as demonstrated elsewhere [26] , it is best to increase the spatial resolution of the bare-Earth DEMs and images to at least 1 m, especially for the design element of placing hydrological infrastructure. The advantages of doing so refer to 1) a better delineation of all local flow patterns, depressions, and structures, and 2) a more reliable inter-pretation of soil wetness, extent of flooding and flood plains, including terraces.
For the mining sector, all of this could become part of whole-project cycle design, assessment, and best management practices.
As accurate DTW-based wet-areas mapping enters the jurisdictional and public domain through knowledge exchange, education and real estate evaluations, it will become known how each parcel of land and property is hydrologically situated within its general neighborhood. Downslope locations are particularly vulnerable as they would be affected by soil wetness, upslope water retention or diversion, soil erosion, gully formation, slope destabilization, mudslides, and flooding. Anticipating this through systematic wet-areas mapping should therefore lead to better technical, financial and socio-economic decision-making. In addition, contending parties (e.g., mining companies, concerned citizens) can both discuss and appraise if not support suggested land and water-based plans and operations. In all of this, information as presented in Figure 6 and Figure 7 and the underlying data layers are basic to discern 1) how specific weather events would affect communities, mining facilities and transportation structures, and especially in frequent earthquake zones, and 2) what can be done to reduce the potential risks so arising.
From a technical perspective, producing reliable wet-areas maps requires specialized expertise and algorithms to compile, configure, read, process and store terabytes of information in relatively short time as the demands for wet-areas maps and related data layers increase overtime. In this, great care goes into the development of highly efficient software and tools to manage and process the data for seamless high-resolution mapping at property to regional scales [27] .
For general and specific communications purposes, the maps and data layers so produced conform to user-friendly GIS formats (e.g., .pdf, .kmz).
